DP 1888 QJf US 
Fg/ma 

Diehl Munitionssysteme GmbH & Co KG, D-90552 Rothenbach 

5 

Microwave generator and method of radiating microwave energy 

The invention concerns a microwave generator and a method of 
radiating microwave energy as set forth in the respective classifying 

10 portions of the main claims. 

In general terms energy is emitted in the pulse form in the 
microwave spectrum if a high voltage battery, for example a capacitor 
battery which in accordance with the principle of the Marx impulse voltage 
circuit is charged up in parallel and then connected in series by way of 

15 switching spark gaps is discharged by way of a spark gap. For, that 
involves a current flow in pulse form, which is initiated steeply and which 
oscillates strongly, through the capacitor circuit and through an antenna 
conductor which under some circumstances is connected thereto, this 
therefore providing for correspondingly wide-band emission of a microwave 

20 spectrum of high energy density. In the more immediate proximity that can 
at least impair radio communication and an electronic circuit, in particular 
at the input side, can be damaged or even destroyed thereby. 

In order for microwave energy to be radiated specifically into a 
hollow conductor or waveguide it is known from US No 3 748 528 A for an 

25 electrode which is bottle-shaped in contour, with a cambered bottom, to be 
arranged to project into the waveguide in order to form a spark gap with 
the oppositely disposed wall region of the waveguide. The end which is 
opposite thereto and which in contrast is flat, so-to-speak the neck of the 
bottle, of that electrode projects as an electrode of a further spark gap 

30 designed as a pulse shaper, into a cavity filled with protective gas. The 
counterpart electrode thereof is the flat end of the inner conductor of a 
coaxial arrangement. That inner conductor is charged up in opposite 
relationship to the spark gap by means of an additional spark gap serving 
as a switch and by way of a pulse shaper as well as a series resistor from a 




2 

high voltage dc source so that upon discharge firstly the pulse-shaping 
spark gap and thereafter the microwave-generating spark gap are caused 
to respond. 

It is known for example from US No 4 845 378 A to switch over 
5 arrays of capacitors by way of spark gap switches, in the manner of the 
Marx impulse voltage circuit, as the high voltage source, in that case to 
generate an electromagnetic pulse for the simulation of a real nuclearly 
triggered impulse. 

The effect of intensive local microwave radiation is propagated as a 

10 non-lethal weapon against enemy communication systems (see DER 
SPIEGEL, Issue 7/1997, pages 53 ff, the end of paragraph 3 of the left- 
hand column on page 54). 

The invention is based on the technical object of providing a 
microwave generator and a method of radiating microwave energy which 

15 are autonomous in terms of the power supply, which can be handled 
without problem in terms of the apparatus dimensions and which can be 
optimised for different use scenarios in particular in respect of the radiation 
spectrum and the emitted energy density. 

That complex object is attained by the combination of features which 

20 are essential for the invention, as respectively set forth in the main claims. 

In accordance therewith the high voltage energy which can be 
obtained by means for example of a compact battery-powered Marx 
generator is fed at the antenna side into a sequence of capacitors which are 
to be successively connected in mutually parallel relationship. The parallel 

25 switching operation which occurs stepwise in succession with each other at 
short intervals is implemented by way of a respective spark gap as soon as 
the capacitor upstream thereof, in opposite relationship to the following 
capacitor, is charged up to the arc voltage for flashing over the spark gap 
towards that following capacitor. The charging operation which takes place 

30 in that situation is determined primarily by the capacitance of the capacitor 
which is to be freshly charged up and therefore can be structurally 
influenced by way of the electrode size thereof, the electrode spacing and 
the dielectric between the capacitor electrodes. 
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Therefore, while recharging from the capacitive high voltage 
generator is still taking place, the sequence of flashovers begins for 
charging the respective following capacitors, with the charging current 
which is still fed in by way of the antenna and parallel thereto from the 
5 respective capacitor charged up upstream of the currently responding arc 
gap. Such a flashover switching operation for charging up the next 
following capacitor triggers a steep current edge which is infraposed in 
high-frequency relationship, in the charging current by way of the antenna, 
wherein a part of the energy from the new arc flows back in opposite 

10 relationship to the feed and thus towards the radiation antenna in the form 
of microwave energy to be irradiated, while the other part by way of the 
arc gap contributes to charging up the next following capacitor - until the 
subsequence spark gap in turn responds; and so forth. The number of 
microwave pulses which occur in succession in an irradiated pulse packet is 

15 therefore equal to the number of switching gaps in the successive 
capacitors which are to be connected in mutually parallel relationship. 

Depending on the respective mechanical design of the system, when 
using a gaseous dielectric, the pulses in the pulse packet involve a 
repetition frequency of the order of magnitude of typically 150 MHz with a 

20 radiation spectrum around 100 MHz for each switching section, which, in 
the case for example of six switching sections, is superimposed to afford an 
irradiation microwave spectrum of around 600 MHz. The microwave 
spectrum can therefore be structurally influenced within wide limits in 
terms of noise length (that is to say the number of pulses in the pulse 

25 packet) and spectral content, by way of the mechanical design 
configuration of the microwave generator, in particular in respect of its 
capacitors which are to be mutually successively connected in parallel. 

The structural configuration of a microwave generator on the 
functional basis of pulse sequence production by way of a capacitor chain 

30 which is to be switched on in time-staggered relationship while charging 
thereof from the high voltage generator is still occurring preferably 
comprises a number of successively arranged capacitor electrodes which 
are geometrically designed as a succession of spark gaps while their 
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respective mutually opposite capacitor electrodes are connected together. 
The mutual spacings between the ends of the spark gaps are ensured by 
spacers which are disposed in parallel relationship therewith. The first one 
of that sequence of capacitors, which is to be charged up from the high 
5 voltage generator, is electrically conductively connected at its spark gap 
electrode to the radiation antenna. It is preferably in the form of a 
frustoconical conductor for impedance matching purposes. The high voltage 
feed into the capacitor chain is desirably effected not upon the connection 
between the radiation antenna and the first spark gap, but by way of the 

10 radiation antenna so that the vigorous current oscillation which is triggered 
by the arc switching procedure is also already involved at that feed for 
microwave irradiation. 

In regard to the more detailed configuration of the invention as 
outlined hereinbefore by virtue of developments and modifications and the 

15 functions and advantages thereof, besides the further claims attention is 
also directed to the description hereinafter of a preferred embodiment of 
the invention which is diagrammatically shown in the drawing, being in 
greatly abstracted form limited to what is essential and not entirely true to 
scale. In the drawing: 

20 Figure 1 is an interrupted axial longitudinal section behind a radiation 

antenna showing a coaxial stack of arc switching sections which at the 
same time are electrodes of successive capacitors which are to be 
connected in mutually parallel relationship, 

Figure 2 shows the electrical equivalent diagram of the arrangement 

25 shown in Figure 1, locally associated with the mechanical structure, and 

Figure 3 shows a pulse-time diagram on a greatly coarsened scale in 
terms of its spectral content, in association with the mechanical structure 
shown in Figure 1. 

The microwave generator 11 which is of a coaxial design structure 

30 and which is diagrammatically illustrated in Figure 1 in the interrupted axial 
longitudinal section substantially comprises a tubular housing 12 of high 
voltage-resistant insulating material, within which is arranged an axial 
stack of hollow-cylindrical capacitors 13. They have annular electrodes 15, 
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16 on both sides of their dielectric 14 which is effective as a capacitance 
and with which the entire housing 12 is filled. The annular inner electrodes 
15-15 of the capacitors 13 are each spaced from each other by way of a 
respective internal axial spacing 17 in the column-shaped stack. Their outer 

5 or counterpart electrodes 16, as can be seen from Figure 2, are electrically 
connected in parallel with each other and therefore, as shown in Figure 1, 
are structurally designed in one piece as a tube coaxially surrounding the 
electrode stack 15-15. However, it is also possible to implement the 
opposite structure (that is to say outwardly disposed switched electrodes 

10 15, with an inwardly disposed counterpart electrode 16 which extends 
through the arrangement in bar form). 

For the situation shown by way of example in Figure 1 therefore, a 
counterpart electrode 16 which is tubular throughout for all capacitors 13 
extends coaxially along the inside wall of the housing 12, over the axial 

15 stack of mutually axially spaced annular inner electrodes 15. 

In order to be able to easily mount the annular electrodes 15 in the 
interior of the housing, they are in the form of the hollow-cylindrical walls 
of a respective cup 18 having a centrally apertured bottom 19. A carrier 20 
in the form of a round bar and which is common to all such cups 18 and 

20 which comprises high voltage-resistant material passes without play 
through the centrally apertured bottom 19 of the cups. The axial spacings 

17 between the annular electrodes 15 or between the cup bottoms 19 
thereof are determined in accordance with the axial electrode lengths by 
the lengths of sleeve-shaped spacer elements 21 of high voltage-resistant 

25 insulating material, which are also held on the insulating material carrier 20 
between the axially successive bottoms 19. An end cap 28 which is screwed 
on from the free end 23 of the carrier 20 provides that the axial stack of 
cup bottoms 19 and spacer elements 21 disposed between them is braced 
axially against each other and against a support 24 at the opposite end of 

30 the carrier 20. In that axially opposite region, the counterpart electrode 16 
which surrounds the stack in a tubular configuration terminates with a 
curved collar 25 which approximately follows the field line configuration in 
the interests of high voltage flashover resistance. 
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A radiation antenna 26 which in the interests of impedance matching 
is of a frustoconical shape or as diagrammaticaliy illustrated a hollow 
frustoconical shape is radially centred at its smaller base by the carrier 20 
which here axially engages therein or by the support 24 provided thereon 
5 and at the same time is electrically connected to the electrode cups 18 and 
thus to the first spark gap 17 by axially bearing against the first bottom 19 
of the stack of electrode cups. At the opposite end, that is to say in the 
region of its large base 28, the frustoconical antenna 26 is positioned 
radially at the inside peripheral surface of the housing 12 and axially 

10 clamped in position by a cover 29 which is fixed in front of the housing 12. 

For holding the tubular counterpart electrode 16 in the housing 12, 
provided in axially opposite relationship is a flange 30 which, as 
diagrammaticaliy illustrated, can be formed in one piece with the 
counterpart electrode 16 and which then serves at the same time as the 

15 housing end portion 31 and as a connecting conductor 32 to a disc-shaped 
terminating electrode 33 in front of the free end edge of the last, which is 
in opposite relationship to the antenna connection, of the annular 
electrodes 15. 

For operation of that microwave generator 11 the capacitor array 34 
20 of a for example battery-powered compact Marx high-voltage generator 35 
is applied by way of an operating switch 36 (preferably in the form of a 
self-firing or externally triggered spark gap) and the inductance 37 of the 
feed line to the electrically conducting structure of the radiation antenna 
26. A charging current flows by way thereof into the first of the capacitors 
25 13 until its internal electrode 15, in relation to the counterpart electrode 16 
which is at earth potential and in particular in relation to the annular 
electrode 15 of the next following capacitor which is still uncharged at the 
initial potential, is charged up to a voltage which causes arcing through the 
spacing 17 in relation to the axially next following annular electrode 15. The 
30 internal axial spacing 17 therefore serves as an arc switch for commencing 
charging of the subsequent one of the capacitors 13-13, such 
commencement being delayed in accordance with the charging time 
constant of the preceding capacitor 13. 
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That successive response on the part of the arc switches 39 is also 
effected during the recharging process from the high-voltage generator 35 
into the stack of capacitors 13-13 and thus results, in respect of amplitude 
and frequency, in extreme oscillations of the charging current by way of the 
5 antenna 26, which oscillations are radiated in the form of pulse packets of 
microwave energy. Added to that is the fact that, by virtue of the 
characteristic wave impedance adaptation at the arc from the annular 
electrode 15 of the capacitor 13 which is just being charged, to the annular 
electrode 15 of the next following capacitor 13 which is now to be charged 

10 by way of the switch 39, in respect of energy balance sheet and direction of 
propagation, a division occurs such that a part of the energy at the arc 
section of the switch 39 is reflected back towards the radiation antenna 26, 
which increases the energy balance sheet of the microwave radiation by 
way of the antenna 26, while the remainder of the energy, by way of the 

15 arc of the switch 39, results in charging of the next following capacitor 13 
from the previously charged capacitor, supplemented by the charging 
current which is still occurring from the high-voltage generator 35. If in 
that way, from its annular electrode 15 to that of the next following 
capacitor 13, a sufficient potential difference is built up across the gap of 

20 the next following switch 39, an arc is also fired there, and once again the 
above-described oscillations occur, with splitting of the energy into a 
component which leads to the next capacitor 13 and a component of 
preferably equal size, which reflects back to the radiation antenna 26 by 
way of the spark gaps, which are still present, of the previously already 

25 closed switches 39, and so forth. The last of that stack of parallel- 
connected capacitors 13 is then only still short-circuited by way of the arc 
of its switch 39 and the terminating electrode 33, which however once 
again triggers vigorous oscillations of large amplitude and thus again a 
contribution to the microwave radiation. 

30 Thus the rapid temporal succession of the charging processes by way 

of the stack of capacitors 13-13 during discharging of the high-voltage 
generator 35 by way of the antenna 26 into that capacitor stack 13-13 
gives rise to a pulse packet which is diagrammatically shown in Figure 3 in 
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relation to time, comprising a rapid succession of respective short-term, 
very vigorously oscillating pulses 40. The height thereof and the frequency 
spectrum contained therein can be varied by the capacitances of the 
capacitors 13 which do not have to be the same as each other, that is to 
5 say in particular by the radial spacing between the electrodes 15-16, by the 
magnitude of the mutually opposite electrode surfaces (15 in opposite 
relationship to 16) and by the dielectric between the two, but it can also be 
influenced by the response characteristics of the arc switches 39, such 
characteristics being determined by the electrode shape and spacing. The 

10 time interval between two pulses 40 is also influenced by the capacitances 
13, but it is crucially determined by the system inductance 37 in the 
charging circuit to the capacitances 13. The number of successive pulses 
and thus the length in respect of time of the pulse packet of the microwave 
radiation can be varied by the number of electrodes 15 which are disposed 

15 one in front of the other. 

In comparison with conventional coaxial single-pulse antennae, the 
rapid succession of the pulses 40 results in an increase in the centre 
frequency of the irradiated spectrum. The pulse spacing in the pulse packet 
and the frequency spectrum radiated therefrom can be influenced by way 

20 of the length of the connected annular electrodes 15 and the arc response 
characteristics thereof. A typical design with six spark gap switches 39 has 
a response succession of 10 ns, which is determined by the charging 
inductance 37, and in the pulse packet 40 carries a frequency mix of 
around 600 MHz, which is determined by the capacitances 13. When the 

25 microwave generator 11 is designed for a lower radiation frequency 
spectrum the irradiated energy is increased. Moreover the irradiated energy 
is increased with the square of the high-voltage charging voltage from the 
generator 35 and with the antenna capacitance. That is proportional to the 
dielectric constant in the housing 12. That therefore affords a perceptible 

30 increase in power, at a reduced spectrum, if instead of being filled with gas, 
the housing 12 is filled with an insulating substance having a higher 
dielectric constant, such as in particular distilled water or oil. 
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Thus, in accordance with the invention, intensive microwave 
radiation in particular of great band width and energy over a relatively long 
period of time can be achieved if microwave irradiation is not effected upon 
discharge of previously charged capacitors by way of the antenna, but 
5 during the discharge of the capacitive high-voltage generator 35 by way of 
the antenna 26 into a series of successive capacitors 13 to be connected in 
parallel. They are preferably constructed in the form of a concentric stack, 
connected to the antenna 26, of which the outer electrodes 16 which are at 
a reference potential are in the form of a continuous tube within which 

10 annular electrodes 15 are disposed on a carrier 20 in axially spaced 
relationship with each other in such a way that at the same time they act 
as the electrodes of arc switches 39 for successively switching on 
subsequent capacitors 13. The switch response characteristics and the 
charging time constants of the capacitor 13 which is respectively switched 

15 on therewith and the number thereof determine the length of the packet of 
very high-frequency individual pulses 40 and thus the radiated microwave 
energy which can be still further increased by an increase in the 
capacitance of the capacitors 13. 



